e hae = -~ . apom———To —— . -

AMAL25591 | = ]

! TECHNICAL REPORT 8214

k4 A DATA BASE ASSESSMENT OF ENVIRONMENTAL FATE ASPECTS
OF NITROGUANIDINE ;

RATHERYN F, RENYON | \

US ARMY MEDICAL BIOENGINEERING RESEARCH and DEVELOPMENT LABORATORY

Fort Detrick
Frederick, MD 21701

DECEMBER 1982

e I e

L
-0)

Approved for public release;
distribution unlimited,

US ARMY MEDICAL RESEARCH and DEVELOPMENT COMMAND % ’

ol  PFortDetrick KR, |
T Prederick, MD 21701 _ s

E‘; | 83 03 14 o091




A

S

b

(3

B e ey« .
m.’.ﬂ? 1y '&")}‘!r,'ﬁ!’)y’\mw\lﬁ’&&&“M'asl\p:»{w;.:\c..ut.-_xu-,\_vu.n-.‘; AR Y S NI TP e

NOTICE

Disclaimer

The findinge in t:.is report are not to be construed as an official
Department of the Army pasition unless so designated by other authoriged
documents,

Diugolitlon

Destroy this raport when {t {s no longer needed. Do not return it to the
origiuator.

|
%
)
i?
]
L




oty fuaeliar RS IRy TToERRRmTT TR

C A ————————————— .,

UNCLASSLIFIED
SECURITY CLASSIFICATION OF THIS PAGE (Waen Data Entered)

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
[T. REPORT NUMBER 3, GOVT ACCESBION NOJ 3. RECIPIENT'S CATALOG NUMBER
TECHNICAL REPORT 8214 £ 7
% TITLE (and Subiitie) " 5. TYPE OF REPORY & PERIOD COVERED
A DATA BASE ASSESSMENT OF ENVIRONMENTAL FATE Technical Report
ASPECTS OF NITROGUANIDINE Sep 1982 - Oct 1982

6. PERFORMING ORG. REPORT NUMBER

7. AUTHOWR(=) 8, CONTRACT OR ONANT NUMBER(s)
KATHERYN F. KENYON

. PERFORMING ORGANIZATION NAME AND ADDRESS (LIS MY ELEMENT RROSE Ef. TAEK
US Army Madical Bioengineering Research and RRERHCH UNTY WUhReRe
Development Laboratory, ATTN: SGRD-UBG 62720A
Fort Detrick, Frederick, Mu 21701 3E162720A835/00/631

11, CONTROLLING OFFICE NAME AND ADDRESS 12, REPORT DATHE
US Army Medical Ressarch and Development Command December 1982
ATTN: SGRD-RMS 3. NUMBER OF PAGKS
Fort Detrick, Frederick, MD 21701 %

T MR TTORING ASENEY NAME & ADORESS(I? differeni from Canirolling Oflice) | 1. SKCURITY CLASS. (of this teport)

UNCLASSIFIED

‘l‘l"‘m.. ffn CATION/DOWNGRADING |

76, DIETRIBUTION STATEMENT (of this "Roport)

Approved for public release; distribution unlimited

7. OIS TRIBUTION §TATRRENT (of ihe abairaut sntered In Riock 20, If dilfsrent from Report)

e ——
15, SUPPLEMENTARY NOTES

9. KEY WORDS (Continue on reverse side If neosssary and identlty by blook number)

Aquatic toxicity Hydrolysis Photolysis

Biotransformation Mammalian toxicity Physical-chemical properties
Carclnogenicity Nitroguanidine Solubility

Environmental fate Nitrosoguanidine

‘ TRACT (Continue ms raverss slde ¥ neavesary awd fdentily by black number) )
Thir. report is a current asseasment of the data base avallable for
nitroguanidine, a compaonant of US Army triple=base propellant mixturas.

Nitroguanidine is scheduled for production at Sunflower Army Ammunition Plant,
DeSoto, K8.

Sufficient gaps exist in the data available on the aenvironmental fate and

aquatic and mammalian toxicity of nitrogusnidine to warrant further studies.

w \ ."o"‘n ‘m EDITION OF ¢ INOV "is OIIOLI'\'I‘ UNCLASSIFIED

SECUMTY CLASSIFICATION OF THIS PAGK ( Data Entered)

Y

iﬁ

U S

£ it

e s




UNCLASSIFIED \
SECURITY CLASSIPICATION OF THIS PAGE(When Data Eniered) \

20. Abstract (continued)

~J.

f:;LData describing physical transport of nitroguanidine are totally lack-
ing. Although solubility of nitroguanidine is well known, no experimental
information is available for the octanol=-water partition coefficient
(estimated = 2.7) and bloconcentration in aquatic specles. Hydrolysis
rates of nitroguanidine in natural water are not known. Photolysis in natural
waters where humics and suspended solids are present must be measured. Other
chemical transformations, including oxidation/reduction, will have to be
screened and measured, Nitroguanidine is capable of being anaerobically
blodegraded; however, whether or not microorganisms indigenous to the creaks
receiving nitroguanidine effluenta can also degrade the compound, and if so,
at what rate, needs to be determined. It is not known i{f water plants will

! take up nitroguanidine., More data are required to precisely asgess the hazard
of nitroguanidine to mammalian and aquatic speciles

PR

-

—
ez,

| ¢ UNCLASSIFIED
‘ ‘ SECURITY CLABSIFICATION DF THIS PAGK(When Data Entured)

[POERORE o A A i P




ACKNOWLEDGMENTS

The author wishes to thank Mary Frances Bostian and Eleanor Orndorff for
so patiently typing the manuscript.

| |.”A—:37:?:Ta—r;-'{'o-x1 yar
TS GRAST

P )

| \i yLosanecd ['[
RN
M‘ “ - e —r P ~--o“‘#".
o ‘ I)'-‘.U.T“”’»“nt._1.")1‘-/““___1__ 2
r santlabilite Codes . |

v iatl wnd/od

fyosnial
1

N N




TABLF, OF CONTENTS

ACKNOWLEDGMEMS.l...l..l'...'l'..‘...‘C..ll.l..‘lll.ll..I..'Ul.ll..'.....ll‘.l

ImRODUcrION...'..0......UQ.‘."...'.lll.l‘..ll‘l...llll.‘.l.Ollll..ll.lll..ls

OBJECEIVE.C.......‘.....l.‘Il.....Il..‘.....l.“C.!..l.l.l..lll‘ll..'lll.ll.ls

APPRoAm............lll..ll.l...‘...l.l...'.ll.l‘l..l'.lI.l..lllll.....l.....s

RESULTS.C.Ill.'l“..'...lll.l...IQ.II.l.....l..l..l.'l.l.i.'ll.ll.l.l‘..l.l'.s

Physical-Chamical Prcperties............................'................8
ProductionNessesssscassescsssceesnsserssseenosseorsnsassnevssossaonessssosasssed
Site Description.........................................................9
Analytical MethodBesessssersssvennsrsscvasassssssasavenssssssnssnsscseseserll
Sediment Sorption........................o.-....................-.......11
Bioadlorption/niuuptake....................o-...--.-...--o.-o--..---ouooll
Solubility in WALEL ssvensronsrsnonsossasonenssovsssasesssssscanssrsnassevsll
Vapor Pressur@ssscsosessrssorencsnsrsssanossoosnsossansasssscossesnsssneall
Octanol=Water Partitlon Coefficlant.sseseescnncsssvoserssrosesennsoneenenl?
Oxidation/Raduction...--.......-.......-.....-....-.s......--..-.....-..12
Hydtolyail..........o..-................................................12
Photoly.islcllitllllll'l.!l.Olllollt!llllllll!l'llllll!i.ll.l!llil.i..llla
Biodcgtadation.....................................--......-......o.oo.-13
Aquatic TOXICity.oncluuun-iooocconuo-uo.--o-uooaocu.nl-c--ccuou'ooococoola
Mammalian TOKiCitY.oooooo-ooooooao..oo.oooono'ooooooaooouocoooouooaoooocl“
C!tcinoganicity/Hutagenicity............................................15

CONCLUSIONSOIOOIOOIDODCCOll.Oll.lit.!..ll.il..!.l.l..0000llll.bl.ll.....'...ls

RECOmNDA’rIoNS.l.l.I....l........0.I......‘....l.l.............QII..I......IS

LITERATURE CITED....I'.I..l.0"..lOt....l..l.'l....l.........l...'.....'000017

DISTRIBUTION LIST.C‘..‘..Q........‘..l‘.."C........i.0...........‘.0...‘...19

1.
2.
3.
b
5

FIGURE

SAAP Installation H‘Pooouoooouocoooooo.cooooouoo.oo.acooouuooooooooloooooG

TABLES
Data Bases Searched for Nitroguanidine Informationeecccesvessssssnsssnccae?
Physical-Chemical Properties of Nitroguanidin@esesvseesscsvessesscsanneesd
HPLC Relative Ratention Times (min) for Four Munitions MiX.seeessesssessl0
HPLC Analysis of Nitroguanidine and Nitrosoguanidine in Culture Media,..ll
Hydrolysis Rates for Nitroguanidine In Bas@sseecsssssevsscossnsersvsoseesl

3

T T e e i e 2 R -




INTRODUCT ION

A part of the mission of the US Army Medical Biocengineering Research and
Development Laboratory (USAMBRDL) is the evaluation of the environmental and
health hazard of military-unique pollutants generated by US Army munitions
manufacturing facilities. The purpose of these evaluations is the recommenda-
tion of water quality criteria for promulgation by The Surgeon General,

As a first step in the genaration of a data base, existing information
about a given pollutant is sought., The objective of this report is to assess
the data base available on nitroguanidine and to recommend studies needed to
f111 the gaps found. This assessment follows those completed in the paatl’2
and essentially is concerned with more curreant information, \

Nitroguanidine 1s a component of US Army triple-base propellant mix~
tures., Ita presence in the mixtures, which also contain nitrocellulose and
nitroglycerin, provides thrust and stability while reducing the burning
temperature and flash intensity.3 ,

Nitroguanidine is scheduled to be manufactured at Sunflower Army Ammuni- :
tion Plant (SAAP), Defloto, Kansas, locatad in northesst Kansas (see map, '
Fig. 1) near the Kansas River. SAAP nitroguanidine production facilities are
new and in the final prove-out stage. Wastewaters generated by the nitro- |
guanidine facility were originally intended to be pollutant=-free; the antici- i
pated discharge was to contain only evaporation and vacuum crystallization
condensates, cooling tower blowdown, and wash water from water uoftenarn.“

However, prove-out operations have shown wastewaters to be contaminated."

Thie contaminated wastewater now flows into lagoons and holding ponds; any
leakages, leachates, or ovarflow (SAAP has limited storage capacity) will exit
to the environment,

OBJECTIVE

The objeactive of this report is to provide a currvent assessment of the
data base on nitroguanidine, including environmental fata, mammalian and
aquatic toxicity, and state~of~the-art analytical methods.

APPROAGH

R i RS ST

Each element of the stated objective was employed in a computer licarature
search a¢ descriptors of nitroguanidine. Table 1 lists the data bases
searched,
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TABLE 1. DATA BASES SEARCHED FOR
NITROGUANIDINE INFORMATION

Agricola

Aquaculture

Aqualine

Aquatic Sciences Abstracts
Biological Abstracts
Chemical Abstracts

Defense Documentation Center
Environline

National Technical Information Service
Oceanic Abstracts

Pollutfon Abstracts -

Science Citation Index

Watar Resources Abstracts
Toxline

Other literature reviewed included US Army final reports, Technical

Raports,, etc,, from contracts and in-house surveys. Specific ifnformation
gought

Solubility in Water = Basic to all studies, required for octanol-wuiter
partition cosfficient and sediment eorption estimations and measurements.

Vapor Pressura - To determine volatility of & chemical from water,

Sediment Sorption = Indicates capability of a compound to bind to sediment.

-Photolysis = Msasuras the stability of a chemical exposed to sunlight.

Octanol-Water Partition Coefficient - Measures tendency of a chemical to
reside in a lipid versus a water phase and is correlated with the
bioconcentration factor for aquatic species.

Oxidation/Reduction = Maasures loss of chemical through environmental
oxidative or reductive chemical processes.

Hydrolysis - Measures loss of a chemical due to splitting of cliemical bonds
by water,

Biodegradation -~ Msasures loss of chemical through degradation or
transformation by microorganisms, aerobically or anaerobically,

Bioadsorption - Necessary to determine if chemical is non-biologically bound
to microorganisms.

Biouptake = Maasures loss of a chemical from water due to uptake by plants,
wvhich nay accumulate or transform the chemical.
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* Bioaccumulation - Measures accumulation of a chemical within tissues of an
organism, where concentration of the chemical may be orders of magnitude
above the surrounding milieu.

Aquatic Toxicity — Determines if a chemical is a hazard to aquatic speciles
and at what levels.

* Mammalian Toxicity - Defines toxicity of a chemical to mammalian species
with the purpose of providing safe exposures levels for humans.

RESULTS

PHYSICAL~CHEMICAL PROPERTIES

Nitroguanidine chemistry has been the subject of several reviews. Small
and Rosenblatt,! in 1974, reviewed much of the chemistry of nitroguanidine
production while, a year later, Burrows and Dacre? reviewed the chemistry and
aquatic toxicity.

Nitroguanidine exists in two tautomeric forms, as shown balow.

"K
N/o-n-r:oz C~NH=NO,

orm A Form B

Form A "predominates in acidic, neutral, and slightly basic media".5 Aqueous
solutions of nitvoguanidina subjected to ultraviolat light exhihit one band
over the pH range of 2-12. The Anax at the band is 264 mm (B,,, = 13,000).%
As conditions become increasingly alkaline, a new band shows up at 246 nm,
Bissett and Levasseur state that the band shift is the evidence of the
appearance of Form B.5 Table 2 shows the physical-chemical proparties of
nitrogusnidine.




TABLE 2. PHYSICAL-CHEMICAL PROPERTIES OF NITROGUANIDINE

Molecular Formula: NH, NH, C{ =N) NO, i
Molecular Weight: 104,074 {
Appearance: Colorless crystals |
Melting Point: Decomposes at 232°C

Density: 1.72 g/cm3

Vapor Prassure (mmHg): Extremely low
Heat of Combustion: 209 keal/mole

Stability: Sensitive to ultraviolet light, absorbs at 264 nm
Explosive when shocked or exposed to heat or flame

Solubilitiaes: Water: 4.4 g/L at 28°C :
1 83.5 g/L at 100°C :
Base (1N KOH): 12 g/L at 25°C
Acid (40%H,80,): 80 g/L at 25°C

Referance: Encyclopedia of Explosives and Relsted ltems, PATRZJ00 Vol. 6.
Picatinay Arsenal, Dover, NJ (1974).

PRODUCTION

The manufacturse of nitvoguanidine at SAAP is & new procedure with the f
following saquence:"

1) Calcium carbide ~223%2£535» Calcium cyanamide
2

2) Calcium cyanamide + NH,NOy+ Guanidine nitrvate + NH,

3) Guanidine nitrate ——-<% Nitroguanidine S

The new nicroguanidinc production facility at BSAAP is designed to produce 40
tons per day,’ generating wastewaters from SAAP equal to as much as
1 ‘075'680 spd .8

SITE DESCRIPTION

Sunflower AAP and adjacent areas have been subjected to several surveys
covering native species and natural water quality.**7+8 Cresks in the area,
including Spoon, Kill, Captaine, and Hansen Creeks, are for tha most part
well~buffered, hard waters and, at the time of the surveys, in good condi-
tion. Sewage outfalls and agricultursl run-off from the plant and neighboring
areas contribute to the high nutrient load of theee creeks. Wastewater from




the nitroguanidine pilot facility presently exits the plant via a series of
lagoons and ponds to Hansen Creek, which also receives effluents from
Clearwater Village sewage treatment plant. Hansen Creek joins Rill Creek

downstream, and these waters are ultimately joined to the Kansas Rivar (see
Figo 1) .

A survey waa conducted by the US Army Environmental Hyglene Agency in
February 1982.% The purpose of the survey was to characterize "wastewaters
asgociated with the manufacture of nitroguanidine at Sunflower AAP.” Samples
from the following sites were analyzed: nitroguanidine pilot plant outfall,
Kill Creek, upper lagoon, lower lagoon, concrete basin raw water treatment
plant, pilot plant evaporator condensate, pilot plant crystallizer, Pond A,
and Pond B. At all sites, except at the pilot plant crystallizer, significant
quantities of nitroguanidine and guanidine nitrate wers found. The conclusion
from these analysas was that "significant levels of contamination" exist for
nitroguanidine and guanidine nitrate in all but one of the test sites,

ANALYTICAL METHODS

Prior to the advent of modern automated analytical techniques, several wet
chamistry mathods existed for the detsction and measuremant of nitroguani~-
dine.9712 In 1976 Bissett and Levasseur® studied column materials and solvent
systems for high pressure liquid chromatography (HPLC) of aitroguanidine. In
these experimenta the teet samples consisted of nitroguanidine plus TNT, RDX,
and HMX. By employing a u-porasil column and 25 percent isopropanol/?7$
percent hexane or 10 percent isopropanol/90 percent CHCl,, the authors were
able to separate the components and detect nitroguanidine. Table 3, from

Bisgett and Levasssur, shows the relative retention times for the components
of the test mixture.

TABLE 3. HPLC RELATIVE RETENTION TIMES (MIN) FOR FOUR~-MUNITIONS MUX

Solvent a~TNT RDX HMX Nitroguanidine
Isopropyl/Hex 1.4 3.5 8.6 5.0
Isopropyl/CHCL, 1.2 2.3 6.5 7.8

From Blssett & Levasseur, 1976.°

Recant work by Kaplan et al.,!3 at US Army Natick Laboratories, produced
an HPLGC analyais of microbiological culture media (clarified). Table 4 showa
test conditions and detection 1imit data for nitroguanidine and
nitrosoguanidina.

This method will undoubtedly prove satisfactory.for the analysls of
nitroguanidine in wastewaters.




TABLF. 4. HFLC ANALYSIS OF NITROGUANIDINE AND
NITROSOGUANIDINE IN CULTURE MEDIA

Inatiument: DuPont 830

Detection: Variable Wavelength (Perkin-
Elmer LC55) at 263 nm

Solvent: Methanol/Water (10/90)

Column: 25¢m x 4.6mm ODS reverse-

phase (DuPont Zorbax)
Temperature: 35°C
Pressure: 8.273 x 103 kpa
" Retention Tinme:

Nitroguanidine: 2.8 win

Nitrosoguanidine: 2,5 min
Detection Limits:

Nitroguanidine: 100 ng/mL (ppb)

Nitrosoguanidine: 500 ng/mL (ppb)

SEDIMENT SORPTION

No data were found in the literature. However, receiving waters at
Sunflower AAP have high nutriemt loads and suspended solide.7°8 Because of
this high organic load, physical sorption will probably not be significant;
however, chemical sorption cannot be ruled out. Screening studies are
required to determine if sediment sorption of nitroguanidine occurs and is a
doninant pathway in the fate of this chemical.

BLOADSORPTION/ BIOUPTAKE

No data are available on either topic. Screening studies should reveal
the importance of these processss.

SOLUBILITY IN WATER

The solubility of nitroguanidine in water is celatively high compared to
most explosives and well known.3 At 25°C the solubility 1s 4.4 g/L. As
temperaturs increases, the water solubility also increases, so that at 100°C
90 g nitroguanidine wili dissolve in 1 L water,

VAPOR PRESSURE

Although very little information was available on the vapor preesure of
nitroguanidine, most references estimate that it is very low, Therefore
volatilization should not prove to be a significant pathway in an snvirom-
mental fate determination. Howaver, hard data are required to make an
accurate sassessment.

11




OCTANOL-WATER PARTITION COEFFICIENT

No information 1s available on the octanol-water partititon coefficient of
nitroguanidine. However, since this compound is readily water soluble, and,
sgince there is an inverse relationship between water solubility and bloconcen- :
tration,13716 the significance of this pathway in the environmental fate of ‘ '
nitroguanidine is probably low.

OXIDATION/REDUCTION

No relevant environmental data are available. However, as with other
explosives, the nitro group may be capable of reduction in the presence of
iron (II).17 Full screening studies are necessary to assess the {mportance of
these processes in the fate evaluation of aitroguanidine.

HYDROLYSIS

Bissett and Levasseur® raported the hydrolysis of nitroguanidine under
neutral, acidic, and baslc conditions., When heated under flux conditions for
24 hr, an aqueous solution of nitroguanidine exhibited no changes in structure
as detected by ultraviolet or infrared spectroscopy and thin-layer or high :
pressure liquid chromatography. B

Under dilute (0.1M, 0.5M, and 1.0M HCL) acid conditions at 100°C for 24
hr, nitroguanidine showed no structural changes. Only strong acid (2500 moles
acid to 1 mole nitroguanidine) was capable of degrading nitroguanidine.

P Nitroguanidinie can be base~hydrolysed at » pH 10, When aitroguanidine in 7
0.5M NaOH (pH 12) is heated to 55°C, hydrolysis occurs in 2 hours. This is ! i
showm by the loss of the UV absorption peak at 264 nm, At pH 10.5 in 1M NaOH, ' '
559C, nitroguanidine is hydrolysed in 4 hours. Products of base hydrolysis, %
as detected by GC, were N,0O and NH, gases.

Bissett and Levasseur also determined the rates of the base hydrolysis of
nitroguanidine. The test solution was 6.7 x 107°M nitroguanidine at pH 12,6
and 42°C and pH 9.9 at 66°C. Table 5 shows the rates, calculated from the
pseudo-firat-order plots. Decrease in nitroguanidine was followad by a
é decrease in UV, at 265 nm with time at constant temperature and pH.

TABLE 5. HYDROLYSIS RATES FOR
NITROGUANIDINE IN BASE

pH Temperature Rate Ky '

/
12.6 42°C 3,7 x 10”3 /min
9.9 66°C 46 x 10™4/nin

Linearity of the plots of log (Ao‘At) versus time disappears at 60°C and >pH
11.5; plots show a downward turn.

12




Concentration of buffer had no effect on the hydrolzsia rate, indicating
that the process is subject to gpecific base catalysis.,® The Arrhenius
activation energy (E,,,) at pH 11.8 wae calculated fron a linear plot of the
rate data to be 22.5 kcal. As a result of these studies, it is seen that
nitroguanidine will be only very slowly degraded by hydrolysis in natural
waters.,

PHOTOLYSIS

Studies by Bissett and Levasseur® on ultraviolet absorption spectra reveal
that nitroguanidine in aquaous solutions shows only one band at pH 2«12, The
Ayay Of this band is 264 nm (B, . = 13,000), which decreases under more
aTﬁalina conditions as a new banﬁ at Apax 246 nm appears. Bissett and
Levasseur state that this shift in absorption is indicative of a shift from
structure (A) of nitroguanidine to structure (B). A recent study by Kaplan
et al, (1982)13 looked at the ultraviolet sensitivity of 100 ppm nitro-
guanidina and also nitrosoguanidine in distilled H,0, pH 6.0, in containers
2.5 cm deep. Analysis indicated that the rate of aiuappcnrnnco of nitvro~
soguanidine (slope = =1,48) was twice that of nitroguanidine (slope (K) =
=0.,74), and that both compounds are sansitive to shortwave ultraviolet
light. The main product of the UV photolysis of nitrosoguanidine detected by
TLC (Kaplan at al.) is cyanamide. No photolysis rates ware given, and tasts
were not parformed in natural waters, which have been shown to contain humiec
substances enhancing photolysis of other explosive compounds.!®

BIODEGRADATION

A first attempt to sesess the biodegradation of nitroguanidine was
reported by the American Cyansmid Company in 1955.!9 Nitroguanidine was mixed
with dry soil (200 g), from 2% to 0.2% of the total soil mass, and then wetted
with B.0.D. dilution water. Breakdown of the test compound was ascertained by
measuring evolution of €O, or ammonia. The test was run for 2 weeks. Rasults
were ambiguous dus to overlap in CO, production concentrations batween the
controls and test samples.

Kaplan (1982)!3 has reported the anaerobic biotransformation of nitro-
guanidine to nitrosoguanidine. Microorganisms ware those of activated
sludge, Cultures required acclimatization, and biotransformation was
comatabolic, with 4 g/L nutrient broth optimum. Nitrosoguanidine was not
found to ba further reduced biologically but was reduced abiotically in a
degradative pathway laeading to cyanamid, cyanoguanidine, melamine, and
guanidine.

Bacausa of the high molubility of nitroguanidine, sadiment=bound anaerobic
microorganisms will probably encounter little nitroguanidine. This remains to
ba seen. Also, sludge microorganisms are not necessarily similar to the
indigenous biota at S8AAP; therefore, screening and rate studiss will have to
be done.

AQUATIC TOXICITY
In the report from the American Cyanamid Company in 1955!°9 refersnced by

van der Schalie,20 g flow-through test using fathead minnows was conducted
with nitroguanidine at a concentration at 3,650 mg/L. This high cancentration

13
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(near the solubllity limit for nitroguanidine) killed 3 of 10 fish; however,
no toxicant-related deaths occurred at lower concentratlions. Other paramaters,
such as feeding, schooling, and balance behavior, were not affected at any
concentration of nitroguanidine tested. Later USAMBRDL studies tested the
effects of nitroguanidine at 2000 and 1,175 mg/L with four fish and five
invertebrate specles.?! The compound was non-toxic at these levels.

Tests with mixed fresh water algae ovar 42 days revealed that growth was
stimulated at 40 mg/L nitroguanidine but inhibited by »130 mg/L.1? Since
algal populations weren’t defined, and the basic testing procedure was less
than ideal, these tests do not meet currently accepted standards and should be
repeated.,

MAMMALIAN TOXICITY

Studies performed at Hazelton Laboratories!? in 1955 using nitroguanidine
included feading and skin irritation. A single oral dose of 4.64 g/kg nitro-
guanidine into male albino rats produced no permanent toxic effects, The oval
LDgq for rats was reported to be > 4,64 g/kg. Continuous feeding of rats for
30"days on a diet supplementad with 1.0 percent (0.93 g/kg) nitroguanidine
produced no obsarvable effects. Upon sacrifice of tast animals, no signifi-
cant gross pathology was found. The same study tested the effects of dermal
application of nitroguanidine on albino rabbits. Single applications of a
nitroguanidine paste (aqueous), providing a dose lavel of up to 10 g/kg ovar
24 hr exposure showed no toxic effects, Neither were there any symptoms of
systemic toxicity observed during the week following the test, Thesa data
saem to indicate that nitroguanidine is relatively non-toxic to mammalian
systems, A literature svaluation sponsored by the USEPA was performed for
USAMRDC in 1975,22 The nitroguanidine toxicity data of the American Cyanamid
Company in 1955!% were judged to bs sound, but incomplete. They reconmended
the following studies to complate the toxicity assessment of nitroguanidine:

"Acute LD50 studies in two species and by the oral routa of
administration,"

"A 90~day subchronic toxicity study in which data on clinical chemistry,
hemotology, histopathology and cardio-vasdcular physiology are generated
(the American Cyanamid study did not)."

"A comparative wetabolism study in two species with emphasis on absorption,
since this may be the reason for low acute toxicity, and on
blotransformation at both high and low doses. (Differing metabolic
pathways at varying dose lavels might suggest different pathological
responae with low chronic doses than with high acute doses.)"

"A matabolic study with pregnant animals to determine the degree of
absorption by the fatuses. Finding significant levels in the offspring
would require reproductive studies in two species."

A chronic toxicity study (2-year) would be required only if the data from
the above studies suggested the potential for high toxicity with lifetinme
exposure,"

14
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CARCINOGENICITY/MUTAGENICITY

Studies performed in 197723 raported nitroguanidine to be a mutagen for
Chinese hamster cells in screening tests for chromosomal aberrations. In 1980
McGregor?" pcrformed Escherichia coli DNA repair tasts by applying 10 mg per
plate to a polymerase-deficient strain of E. cali, No "preferential" toxicity
wag observed. Ames25 tests using 10 mg/L nitroguanidine were done with
Salmonella typhimurium cultures (strains TA98, 1535, 100, 1537, 1538); no

mutagenic activity was obsarved. Mitotic recombinogenic Activity Tests, using
cultures of the yeast Saccharomyces cerevisise and nitroguanidine at 22.7
wg/mL, with 150 min incubation, did not reveal any recombinogenic activity
attributable to nitroguanidine

In 1982 Kaplan repeated the Ames testing of nitrvoguanidine but also
included nitrosoguanidine. The same atrains of S, tthimurium ware used, and
the chemicals were tested at levels of S to 5000 ug/plate with and without
metabolic activation., All test results were nagative.

CONCLUBIONS

Sufficient gaps exist in the data available on the environmental fate and
aquatic and mammalian toxfcity of nitroguanidine to warrant further studies.

Data describing physical transport of nitroguanidine ara totally lack-
ing. Although solubility of nitroguanidine is well-known, no experimental
information is availabla for the octanol-water partition coefficient (esti-
mated K ., = 2.7) and bioconcentration in aquatic species. Hydrolysis vates of
nitroguanidine in natural water are not known. Photolysis in natural waters
where humics and suspended solids are present must be measured. Other chemi-
cal transformations, including oxidation/reduction, will have tv be screened
and measured. Nitroguanidine is capable of being anasrobically biodegraded;
however, whether or not microorganisme indigenous to the creeks receiving
nitroguanidine effluents can also degrade the compound, and if so, at what
rate, needs to be determined. It is not known if water plants will take up
nitroguanidine, More data are required to precisely assess the hazard of
nitroguanidine to mammalian and aquatic specias.

RECOMMENDAT IONS

Recommend that environmental fate studies, including physical ttansport
and chemical and biological transformations, be undertaken. Also recommend
aquatic and mammslian toxicity studies to include 90-day feeding in rats and
mice, and metabolic studies vo evaluate the potantial hazard of
nitroguanidine.
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